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(57) ABSTRACT

An image processing apparatus includes: a writing control-
ling unit that writes image information of an input image to
a memory; a detecting unit that detects one of a plurality of
blocks into which the input image is divided, the one being
a block for which writing of corresponding image informa-
tion to the memory is completed; and a correcting unit that
performs a process of correcting a distortion occurring in the
input image, for each block in order in which the blocks are
detected by the detecting unit.
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IMAGE PROCESSING APPARATUS,
COMMUNICATION SYSTEM, AND
COMPUTER PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorpo-
rates by reference the entire contents of Japanese Patent
Application No. 2014-001995 filed in Japan on Jan. 8, 2014.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image processing
apparatus, a communication system, and a computer pro-
gram.

2. Description of the Related Art

In teleconference systems (also referred to as video con-
ference systems) that are known today, image correction to
image data received from the camera device is usually
performed for each frame. In other words, the image data
received from the camera is buffered in units of one frame
in a memory provided to a terminal device, and predeter-
mined image correction such as distortion correction and
perspective correction is performed for each image data of
one frame, every time the frame buffering of the image data
of one frame is completed. Examples of the related art are
disclosed in Japanese Patent Application Laid-open No.
2012-098883 and Japanese Patent Application Laid-open
No. 2013-134733.

It is preferable for a teleconference system to be capable
of reducing delays in image data transmissions, and of
transmitting and receiving image data in real-time without
any delay.

In the conventional teleconference systems, however,
because the image correction is performed in units of one
frame, the image correction is kept idle until buffering of the
image data from the camera device is completed for one
frame. Because it takes time for the image data worth of one
frame to be completely buffered, the timing for starting the
image correction may become delayed and an extensive
transmission delay may occur when the image data is largely
distorted.

In view of the above, there is a need to provide an image
processing apparatus, a communication system, and a com-
puter program capable of reducing an image data transmis-
sion delay.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

An image processing apparatus includes: a writing con-
trolling unit that writes image information of an input image
to a memory; a detecting unit that detects one of a plurality
of blocks into which the input image is divided, the one
being a block for which writing of corresponding image
information to the memory is completed; and a correcting
unit that performs a process of correcting a distortion
occurring in the input image, for each block in order in
which the blocks are detected by the detecting unit.

A communication system includes: a plurality of terminal
devices. Each of the terminal devices includes: a writing
controlling unit that writes image information of an input
image to a memory; a detecting unit that detects one of a
plurality of blocks into which the input image is divided, the
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one being a block for which writing of corresponding image
information to the memory is completed; a correcting unit
that performs a process of correcting a distortion occurring
in the input image, for each block in order in which the
blocks are detected by the detecting unit; and a transmitting
unit that transmits the image information subjected to the
process of correcting over a certain network. The terminal
devices exchange the image information over the network.

A computer program product includes a non-transitory
computer-readable medium containing an information pro-
cessing program. The program causes a computer to func-
tion as: a writing controlling unit that writes image infor-
mation of an input image to a memory; a detecting unit that
detects one of a plurality of blocks into which the input
image is divided, the one being a block for which writing of
corresponding image information to the memory is com-
pleted; and a correcting unit that performs a process of
correcting a distortion occurring in the input image, for each
block in order in which the blocks are detected by the
detecting unit.

The above and other objects, features, advantages and
technical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic of an overall configuration of a
teleconference system according to an embodiment of the
present invention;

FIGS. 2A and 2B are schematics for explaining a process
of image correction according to a comparative example;

FIG. 3 is a schematic for explaining a delay occurring in
the image correction according to the comparative example;

FIG. 4 is a block diagram of a video processing unit
included in a terminal device in the teleconference system
according to the embodiment;

FIG. 5 is a functional block diagram of an input I/F
included in the video processing unit;

FIG. 6 is a functional block diagram of an image pro-
cessing unit included in the video processing unit;

FIG. 7 is a functional block diagram of an output I/F
included in the video processing unit;

FIGS. 8A and 8B are schematics for explaining image
correction according to the embodiment;

FIG. 9 is a flowchart for explaining an operation of the
input I/F;

FIG. 10 is a flowchart for explaining an operation of the
image processing unit;

FIG. 11 is a flowchart for explaining an operation of the
output I/F; and

FIG. 12 is a schematic illustrating how a delay is reduced
by the image correction according to the embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An embodiment of a teleconference system (also referred
to as a video conference system) using an image processing
apparatus, a communication system, and a computer pro-
gram will now be explained in detail with reference to the
appended drawings.

Overview

The teleconference system according to the embodiment
virtually divides an input image corresponding to one frame
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into a plurality of blocks (assigns a plurality of blocks to an
input image), and performs the image correction in units of
the block. The order in which these blocks are subjected to
the image correction is determined based on how the image
is distorted. For each of the blocks, information indicating
the number of horizontal scan lines allowing the image
correction to be started is stored. At the timing of completion
of the writing of the image data corresponding to the number
of horizontal scan lines allowing the image correction to be
started for a block to be first subjected to the image correc-
tion among a plurality of blocks arranged in one horizontal
line, the image correction of the block is started. In this
manner, a delay in the image data transmission is reduced,
and the real-timeness of the exchanged image data is
ensured.

Embodiment

FIG. 1 illustrates a configuration of the teleconference
system according to the embodiment. FIG. 1 illustrates only
an image data processing system in the teleconference
system. As illustrated in FIG. 1, this teleconference system
includes a first location system 1 deployed in a first location,
e.g., in Tokyo, and a second location system 2 deployed in
a second location, e.g., in Fukuoka, and a server device 3.
The server device 3 is deployed in a certain network 4 such
as the Internet or an intranet. The server device 3 relays data
exchanged between the first location system 1 and the
second location system 2 over the network 4.

The first location system 1 includes a camera unit 10A, a
display device 12A, a terminal device 14A, and a micro-
phone unit 26 A. The camera unit 10A supplies the image
data of a captured image of a subject to the terminal device
14A. The display device 12A outputs an image and sound
received from the second location system 2. The display
device 12A is provided with a speaker for outputting sound
received from the second location system 2. The microphone
unit 26A collects ambient sound, and supplies the sound data
to the terminal device 14A.

The terminal device 14A includes an encoder 16A, a
decoder 18A, a network condition detecting unit 20A, a
partner station screen display condition determining unit
22A, a sound determining unit 24A, and a video processing
unit 50A. The video processing unit 50A performs prede-
termined image correction such as distortion correction and
perspective correction, which are described later in detail, to
the image data supplied from the camera unit 10A, and
outputs the corrected image data. The sound determining
unit 24 A supplies sound data of the sound collected by the
microphone unit 26A to the encoder 16A. The encoder 16A
compression-encodes the image data and the sound data
using a video/audio compression encoding technology such
as Moving Picture Experts Group (MPEG)-4 or H.264, and
transmits the processed image data and sound data to the
second location system 2 via the network 4 and the server
device 3.

The network condition detecting unit 20A determines
condition of the network 4, such as congestion, and notifies
the encoder 16A of the condition. The partner station screen
display condition determining unit 22A notifies the encoder
16A of the condition of an image displayed on the second
location system 2. The encoder 16A performs processing
such as changing compression ratio of image data or sound
data depending on the notified congestion of the network 4,
and the notified condition of the displayed image in the
second location system 2, for example. The decoder 18A
decodes the image data and the sound data received from the
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second location system 2, and supplies the decoded image
data and sound data to the display device 12A. In this
manner, the image of a subject captured by the second
location system 2 and the sound collected by the second
location system 2 are output via the display device 12A.

The second location system 2 has the same configuration
as the first location system 1. In other words, the second
location system 2 includes a camera unit 10B, a display
device 12B, a terminal device 14B, and a microphone unit
26B. The terminal device 14B includes an encoder 16B, a
decoder 18B, a network condition detecting unit 20B, a
partner station screen display condition determining unit
22B, a sound determining unit 24B, and a video processing
unit 50B. The second location system 2 operates in the same
manner as the first location system 1. An operation of the
teleconference system according to the embodiment will
therefore be described below using the configuration of the
first location system 1.

FIGS. 2A and 2B are schematics for explaining image
correction according to a comparative example. FIG. 2A
illustrates image data (=input image) of a subject captured
by the camera unit. When the subject is captured using a
wide-angle lens or a fisheye lens, for example, a distortion
such as that illustrated in FIG. 2A occurs in the resultant
input image. The video processing unit therefore performs
image correction such as distortion correction to the input
image. FIG. 2B illustrates the image data after the image
correction (=output image). In the exemplary image correc-
tion illustrated in FIGS. 2A and 2B, the distortion is reduced
by reducing the size at the center in FIG. 2A, but the
distortion may be reduced by enlarging the size at the
periphery, in an opposite manner.

In the image correction according to the comparative
example, the image corresponding to one frame is divided
into 10x8 blocks, for example, and the image correction is
performed to each of the blocks in the ascending order of the
block numbers illustrated in FIG. 2A (1—+2—23—=4—=5...).

In the image correction according to the comparative
example, in the ascending order of the block numbers, the
image correction is started at the timing at which writing of
the entire image data corresponding to all of the blocks in
one horizontal line illustrated in FIG. 2A is completed. To
explain further, in the example illustrated in FIG. 2A, one
block line consists of a plurality of blocks with block
numbers 1 to 10 that are arranged in one horizontal scan line.
The writing of the image data of the blocks with the block
numbers 1 to 10 that makes up one block line is completed
at the timing at which the scans of N horizontal lines are
completed, as illustrated in FIG. 2A, in the image correction
according to the comparative example. “N” herein is a
natural number equal to or more than two. “N” is dependent
on the distortion factor of the camera lens, and N is larger
when the distortion factor of the lens is larger.

FIG. 3 illustrates the timing at which image data is written
to the memory in units of one frame at a part denoted by a
symbol (a). FIG. 3 illustrates the timing at which the image
correction is performed to the image data written to the
memory at a part denoted by a symbol (b). As can be seen
from the comparison between the parts denoted by the
symbols (a) and (b) in FIG. 3, the image correction is started
with a delay corresponding to the time of scanning of the N
horizontal lines, from when the writing of the image data to
the memory is started.

In the image correction according to the comparative
example, therefore, the image correction cannot be started
until the scanning of N horizontal lines is completed, so that
a transmission delay corresponding to the N lines occurs in
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the image data transmission. The image data transmission
delay becomes extended when the distortion of the image
becomes larger.

In the teleconference system according to the embodi-
ment, however, the image correction is performed in order
from the block for which writing of the corresponding image
data is completed earlier in horizontal scan, depending on a
distortion in the image. In this manner, the image correction
can be started before the image data corresponding to the
entire blocks in one block line is written completely, and
therefore, the image data transmission delay can be reduced.

FIG. 4 is a block diagram of the video processing unit 50A
included in the terminal device 14A in the first location
system 1. As illustrated in FIG. 4, the video processing unit
50A include an input interface (I/F) 61, an image processing
unit 62, an output I/F 63, and a double data rate (DDR)
memory 64. The input I/F 61 to the output I/F 63 may be
implemented as hardware, or may be partly or entirely
implemented as software.

FIG. 5 is a functional block diagram of the input I/F 61.
The input I/F 61 includes, as illustrated in FIG. 5, a written
line counter 71, a writing controlling unit 72, and a line
notifying unit 73. The written line counter 71 counts the
number of horizontal lines of the image data for which
writing to the DDR memory 64 is completed. The writing
controlling unit 72 controls writing of image data to the
DDR memory 64. The line notifying unit 73 notifies the
DDR memory 64 of the number of the horizontal lines for
which writing is completed. The written line counter 71, the
writing controlling unit 72, the line notifying unit 73 may be
implemented as hardware, or may be partly or entirely
implemented as software.

FIG. 6 is a functional block diagram of the image pro-
cessing unit 62. The image processing unit 62 includes, as
illustrated in FIG. 6, a block-to-be-processed detecting unit
76, a line determining unit 77, a block processing unit 78,
and a block notifying unit 79. The block-to-be-processed
detecting unit 76 detects a block to be subjected to the image
correction, from a plurality of blocks into which the image
data corresponding to one frame is divided. The line deter-
mining unit 77 determines if the writing of the horizontal
lines corresponding to the entire image data allowing a block
to be subjected to image correction to the DDR memory 64
has been completed. The block-to-be-processed detecting
unit 76 and the line determining unit 77 are examples of a
detecting unit.

The block processing unit 78 is an example of a correcting
unit. The block processing unit 78 performs image correc-
tion such as distortion correction and perspective correction
to the image data in units of one block, for example. The
block notifying unit 79 notifies of the block number of the
block subjected to the image correction. The block-to-be-
processed detecting unit 76, the line determining unit 77, the
block processing unit 78, the block notifying unit 79 may be
implemented as hardware, or may be partly or entirely
implemented as software.

FIG. 7 is a functional block diagram of the output I/F 63.
The output I/F 63 includes, as illustrated in FIG. 7, an output
line counter 81, a block determining unit 82, a reading
controlling unit 83, and a line forwarding unit 84. The output
line counter 81 counts the number of horizontal lines in the
image data to be forwarded to the encoder. The block
determining unit 82 determines if writing of the entire image
data corresponding to the horizontal line to be forwarded to
the encoder 16A has been completed, based on the block
number notified from the block notifying unit 79 in the
image processing unit 62.
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The reading controlling unit 83 reads the horizontal line
for which writing of the entire image data has been com-
pleted from the DDR memory 64. The line forwarding unit
84 is an example of a transmitting unit. The line forwarding
unit 84 forwards the image data of the horizontal line read
from the DDR memory 64 by the reading controlling unit 83
to the encoder 16A. The output line counter 81, the block
determining unit 82, the reading controlling unit 83, and the
line forwarding unit 84 may be implemented as hardware, or
may be partly or entirely implemented as software.

A piece of metadata is registered for each of the blocks in
advance in the DDR memory 64. In other words, let us
assume here that, as an example, the image data of one frame
is divided virtually into 80 blocks consisting of 10 blocks
arranged horizontallyx8 blocks arranged vertically. One
horizontal row consisting of 10 blocks is referred to as a
block line. The size of distortion occurring in a piece of
image data corresponding to one frame can be known based
on the distortion factor of the camera lens of the camera unit
10A. The position where each of the blocks is displayed in
one frame can be known based on the size of the distortion
occurring in the image data of one frame. The horizontal line
number indicating where the writing of the entire image data
corresponding to each block is completed can be known
based on the position where the corresponding block is
displayed. The order in which the blocks in the entire data
making up one horizontal block line are written can be
known based on the horizontal line number indicating where
the writing of the entire image data corresponding to each
block is completed.

Therefore, metadata such as “the horizontal line number
indicating where the writing of the entire image data for the
corresponding block is completed”, “the turn in which the
corresponding block is to be processed in the horizontal
block line”, “the coordinates and the size of the area of the
reference image (that is the input image to be subjected to
the image correction)”, and “the coordinate data that is
unique for each pixel” is registered for each of the blocks in
advance in the DDR memory 64.

The metadata representing “the horizontal line number
indicating where the writing of the entire image data for the
corresponding block is completed” is a piece of metadata
that is dependent on the distortion of the image (e.g.,
calculated from the lens characteristics), and is a piece of
metadata giving the DDR memory 64 information about the
timing at which the image correction can be started with
reference to the line number where the writing of the image
data is completed.

FIG. 8A is a schematic of the input image from the camera
unit 10A. When a subject is captured with a wide-angle lens
or a fisheye lens, for example, a distortion such as that in this
input image occurs in the resultant input image. FIG. 8B is
a schematic of the output image after the distortion is
corrected with the image correction. The number assigned to
each of the blocks in FIGS. 8A and 8B represents the order
in which the blocks are subjected to the image correction,
the order being determined based on the metadata described
above. In the exemplary image correction illustrated in
FIGS. 8A and 8B, the distortion is reduced by reducing the
size at the center of the input image of FIG. 8A, and the input
image of FIG. 8A is corrected into the output image of FIG.
8B. The image correction may also be performed into the
output image in which the distortion is reduced by enlarging
the size at the periphery of the input image of FIG. 8A.

In the example illustrated in FIG. 8 A, due to the distortion
occurring in the input image, the writing of image data of the
fifth block from the left and the fifth block from the right in
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the topmost block line is completed at the timing at which
the writing of the image data corresponding to the M
horizontal lines to the DDR memory 64 is completed.
Therefore, the metadata indicating the first to be subjected to
the image correction is assigned to the fifth block from the
left in the topmost block line, and metadata indicating the
second to be subjected to the image correction is assigned to
the fifth block from the right in the topmost block line, as the
order in which the blocks are subjected to the image cor-
rection.

When the writing of the image data corresponding to the
N horizontal lines (N>M) to the DDR memory 64 is
completed, writing of the entire image data corresponding to
all of the blocks in the topmost block line is completed.
However, because writing of the image data of the fifth
block from the left and the fifth block from the right in the
second block line is completed before the writing of the
entire image data corresponding to all of the blocks in the
topmost block line is completed, the fifth block from the left
and the fifth block from the right in the second block line are
subjected to the image correction at earlier timing than those
at the both ends of the topmost block line. Therefore, the
metadata indicating the ninth to be subjected to the image
correction is assigned to the fifth block from the left in the
second block line, and the metadata indicating the tenth to
be subjected to the image correction is assigned to the fifth
block from the right in the second block line. The block at
the left end of the topmost block line is assigned with the
metadata of the thirteenth to be subjected to the image
correction, and the block at the right end of the topmost
block line is assigned with the metadata of the fourteenth to
be subjected to the image correction.

While the number “N” indicating the number of horizon-
tal lines required for writing of the entire image data
corresponding to all of the blocks in one block line to be
completed is dependent on the distortion factor of the
camera lens in the camera unit 10A, the number “M”
indicating the number of horizontal lines required for writ-
ing of the image data of one block with the block number “1”
to be completely is less affected by the distortion factor of
the camera lens. Therefore, the time of an image correction
delay represented by the number “M” is relatively stable.

Furthermore, explained above is an example in which
corrected is the distortion of the camera lens of the camera
unit 10A. To correct such a distortion, the image correction
is started from the block at the center of the topmost block
line. By contrast, when performed is a perspective correction
applied to a “falling-over-backwards” effect resulting from
capturing an image of a subject from a position looking
upwardly, e.g., resulting from capturing an image of partici-
pants of a teleconference from the camera unit 10A placed
on a table, for example, the image correction is applied from
the block at the right end in the topmost block line. In this
manner, the order of blocks to be subjected to the image
correction is changed as appropriate, depending on the
characteristics of distortion.

An image correcting operation performed by the video
processing unit 50A will now be explained with reference to
the flowcharts illustrated in FIGS. 9 to 11. FIG. 9 is a
flowchart illustrating an operation of the input I/F 61 illus-
trated in FIGS. 4 and 7. In the comparative example
explained with reference to FIGS. 2 and 3, the image
correction is performed sequentially from the block at the
upper left corner. The video processing unit 50A in the
teleconference system according to the embodiment, how-
ever, performs the image correction from a block for which
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writing of the corresponding image data (reference
image=image to be corrected) is completed.

At Step S1 in the flowchart illustrated in FIG. 9, the
written line counter 71 in the input I/F 61 initializes the
count of the number of lines for which writing to the DDR
memory 64 is completed, to prepare for receiving the input
image of a new frame from the camera unit 10A. The
process then goes to Step S2.

At Step S2, the writing controlling unit 72 controls to
write the input image data of a new frame received from the
camera unit 10A to the DDR memory 64, in units of one
horizontal line. At Step S3, the written line counter 71 counts
the number of horizontal lines for which writing to the DDR
memory 64 is completed. This allows this count of writing-
completed lines to be incremented by “one” every time
writing of the image data corresponding to one horizontal
line to the DDR memory 64 is completed. The line notifying
unit 73 notifies the image processing unit 62 of the count of
the lines for which the writing is completed.

At Step S4, the writing controlling unit 72 determines if
the writing of the image data corresponding to one frame to
the DDR memory 64 is completed, by referring to the count
of' the lines for which the writing is completed. If the writing
controlling unit 72 determines that the image data corre-
sponding to one frame is not completed yet (No at Step S4),
the process is returned to Step S2. The process at Steps S2
to S4 is repeated until the writing of the image data corre-
sponding to one frame is completed.

If the writing controlling unit 72 determines that the
writing of the image data corresponding to one frame is
completed (Yes at Step S4), the process is returned to Step
S1. The count of the number of lines for which writing to the
DDR memory 64 is completed is then initialized, to prepare
for receiving the input image of a new frame, and the
processes at Steps S1 to S4 are repeated.

FIG. 10 is a flowchart illustrating an operation of the
image processing unit 62 illustrated in FIGS. 4 and 6. At
Step S11 in the flowchart illustrated in FIG. 10, before
starting the image correction of a new frame, the block-to-
be-processed detecting unit 76 initializes the block number
indicating a block for which the image correction has been
completed (A=1). The process is then shifted to Step S12.

At Step S12, the line determining unit 77 determines if the
image data corresponding to the number of horizontal lines
allowing the image correction of the first block to be started
has been written to the DDR memory 64. As explained with
reference to FIG. 8A, the metadata indicating information
such as the turn in which the block is subjected to the image,
and the number of horizontal lines allowing the image
correction to be started is stored for each of the blocks in
advance in the DDR memory 64. The line determining unit
77 detects the metadata of the first block to be subjected to
the image correction, from the metadata of all of the blocks
in the DDR memory 64. The line determining unit 77 also
detects the number of horizontal lines allowing the image
correction to be started, from the detected metadata.

The line determining unit 77 then compares the number of
horizontal lines allowing the image correction to be started
detected from the metadata with the writing-completed line
count notified from the line notifying unit 73 in the input I/F
61. While the line determining unit 77 does not determine
that the notified writing-completed line count has reached
the number of horizontal lines allowing the image correction
to be started (No at Step S12), the block processing unit 78
keeps the image correcting process idle.

Step S13 is a process performed by the block processing
unit 78 when the line determining unit 77 determines that the
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notified writing-completed line count has reached the num-
ber of horizontal lines allowing the image correction to be
started (Yes at Step S12). At Step S13, the block processing
unit 78 executes the image correction of the first block.

When the image correction of the first block is completed,
the block-to-be-processed detecting unit 76 increments the
block number indicating the block having been subjected to
the image correction (=A) by “one” (A+1). Further, the
block notifying unit 79 notifies the output I/F 63 of the block
number of the block having been subjected to the image
correction.

At Step S15, the block-to-be-processed detecting unit 76
determines if the image correction for all of the blocks in one
frame has been completed, by referring to the block number
of the block having been subjected to the image correction.
If the image correction for all of the blocks in one frame is
not completed yet (No at Step S15), the process is returned
to Step S12, and the image correction of the second block is
executed after waiting until the image data corresponding to
the number of horizontal lines allowing the image correction
of the second block to be started is written to the DDR
memory 64. In this manner, the image correction is per-
formed to the blocks in the ascending order of the block
number (1—+2—+3—=4—5 ... ) assigned in the order from the
block for which writing of the corresponding image data is
completed earlier, as illustrated in FIG. 8A.

In this manner, the image correction is sequentially
applied to each of the blocks, and if the image correction for
all of the blocks in one frame is completed (Yes at Step S15),
the process is returned to Step S11, and the image correction
is applied to the input image of a new frame supplied from
the camera unit 10A.

In the image correction according to the comparative
example, writing of all of the blocks in one block line is
completed at the timing at which scanning of the N hori-
zontal lines is completed (see the N lines in FIGS. 8A and
8B). With the image correction according to the comparative
example, therefore, the image correction cannot be started
until the scans for the N horizontal lines are completed.

By contrast, the image processing unit 62 in the telecon-
ference system according to the embodiment performs the
image correction in the order from the block for which
writing of the corresponding image data to the DDR
memory 64 is completed, as illustrated in FIG. 8A. The
image correction can therefore be started at the timing at
which scanning of M horizontal lines (M<N) is completed,
the timing being when the writing of the image data corre-
sponding to the first block is completed, as illustrated in FIG.
8A.

FIG. 12 illustrates the timing at which the writing to the
DDR memory 64 is executed and the timing at which the
image correction is started. FIG. 12 illustrates the timing at
which the writing to the DDR memory 64 is executed at a
part denoted by a symbol (a). FIG. 12 illustrates the timing
at which the image processing unit 62 in the teleconference
system according to the embodiment performs the image
correction at a part denoted by a symbol (b). FIG. 12
illustrates the timing at which the image correction accord-
ing to the comparative example is executed at a part denoted
by a symbol (¢). As can be seen from the comparison among
the parts denoted by the symbols (a) to (¢) in FIG. 12, the
image correction can be started with a shorter waiting time
(corresponding to the M horizontal lines).

FIG. 11 is a flowchart illustrating an operation of for-
warding the image data performed by the output I/F 63. At
Step S21 in the flowchart illustrated in FIG. 11, to prepare
for the transmission of a new frame, the output line counter
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81, which is responsible for counting the number of hori-
zontal lines of the image data to be forwarded to the encoder
16A, initializes the count (L=1). The process is then shifted
to Step S22.

At Step S22, the block determining unit 82 determines if
the image correction has been applied to the entire image
data corresponding to the horizontal line to be forwarded. In
other words, the block notifying unit 79 in the image
processing unit 62 notifies the output I/F 63 of the block
number of the block having been subjected to the image
correction. The block determining unit 82 then determines if
the image correction has been applied to the entire image
data corresponding to the horizontal line to be forwarded by
determining if the image data of the horizontal line to be
forwarded is included in the block with the notified block
number.

If the entire image data corresponding to the horizontal
line to be forwarded has not been subjected to the image
correction, the output I/F keeps the process idle until the
block determining unit 82 determines that the entire image
data corresponding to the horizontal line to be forwarded is
subjected to the image correction. If the block determining
unit 82 determines that the entire image data corresponding
to the horizontal line to be forwarded has been subjected to
the image correction, the process is shifted to Step S23.

At Step S23, the reading controlling unit 83 reads the
image data of the horizontal line to be forwarded, from the
DDR memory 64. The line forwarding unit 84 then forwards
the read image data of the horizontal line to the encoder 16 A.
The process is then shifted to Step S24.

At Step S24, once the image data corresponding to one
horizontal line is forwarded, the output line counter 81
increments the count of the horizontal lines by “one” (L+1)
to prepare for the transmission of the next new frame. The
process is then shifted to Step S25.

At Step S25, the line forwarding unit 84 determines if the
image data corresponding to all of the horizontal lines in one
frame have been transmitted, by referring to the count of the
output line counter 81. If the line forwarding unit 84
determines that the image data corresponding to all of the
horizontal lines in one frame has not been transmitted yet,
the process is returned to Step S22, and the processes at
Steps S22 to S25 are repeated.

If the line forwarding unit 84 determines that the image
data corresponding to all of the horizontal lines in one frame
has been transmitted, the process is returned to Step S21.
The output line counter 81 then initializes the count again to
prepare for the transmission of a new frame, and the
processes at Steps S22 to S25 are repeated. FIG. 8B is a
schematic of exemplary image data (output image) for-
warded to the encoder 16A. The image data to be forwarded
is subjected to image processing such as distortion correc-
tion as illustrated in FIG. 8B, and forwarded to the encoder
16A. The encoder 16A then performs a predetermined
encoding process to the image data as well as to the sound
data, and the image data is transferred to the second location
system 2 sequentially via the network 4 and the server
device 3.

When a piece of image data is transferred from the second
location system 2 to the first location system 1, the image
data is transferred following the same operation. For the
operation of transferring the image data from the second
location system 2 to the first location system 1, see the
description of the operation of the first location system 1
above.

In the teleconference system according to the embodi-
ment, the time for waiting for the image correction can be
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reduced to the M lines (see FIGS. 8 and 12), as described
above. The delay in the image data transmission can there-
fore be reduced.

As should be clear from the description above, the tele-
conference system according to the embodiment divides a
piece of input image from the camera unit 10A into a
plurality of blocks. The image correction is then executed in
the order from a block for which writing of the correspond-
ing image data to the DDR memory 64 is completed,
depending on the distortion occurring in the input image. In
this manner, the image correction can be started at the timing
at which the writing of the image data corresponding to a
block to the DDR memory 64 is completed, even when the
input image is distorted.

Therefore, without waiting for the writing of image data
to the DDR memory 64 to be completed for all of the blocks
in one block line, the image correction can be applied
sequentially from the block for which writing of the corre-
sponding image data has been completed. Therefore, the
waiting time for the image correction can be reduced, and
the delay in the transmission of the image data (and sound
data) subjected to the image correction and encoding can be
reduced.

The sequence of generating output image can be opti-
mized by applying, for example, the image correction to the
central portion of a piece of input image that is less distorted,
when the image is captured with a wide-angle lens or a
fisheye lens. In other words, the order of blocks to be
subjected to the image correction can be optimized depend-
ing on how the input image is distorted. In this manner, the
image correction can be started at an earlier timing, and the
delay in transferring the image to a partner station can be
reduced.

Each of the devices (e.g., server device, terminal device)
according to the embodiment has a hardware configuration
including a controller such as a central processing unit
(CPU), storage devices such as a read-only memory (ROM)
and a random access memory (RAM), an external storage
device such as a hard disk drive (HDD) or a compact disc
(CD) drive, a display device such as a display, and an input
device such as a keyboard or a mouse.

The computer program executed by the apparatus accord-
ing to the embodiment is stored in a computer-readable
recording medium such as a compact disc read-only memory
(CD-ROM), a flexible disk (FD), a compact disk-recordable
(CD-R), or a digital versatile disk (DVD), as a file in an
installable or executable format, and provided as a computer
program product.

The computer program executed by the apparatus accord-
ing to the embodiment may also be provided in a manner
stored in a computer connected to a network such as the
Internet and made available for download over the network.
The computer program executed by the apparatus according
to the embodiment may also be provided or distributed over
a network such as the Internet.

The computer program according to the embodiment may
be embedded in a ROM or the like in advance and provided.

The computer program executed by the apparatus accord-
ing to the embodiment has a modular structure including the
units described above. In the actual hardware, by causing the
CPU (processor) to read the computer program from the
storage medium and to execute the computer program, these
units are loaded onto and generated on the main memory.

According to an embodiment, a delay in the image data
transmission can be reduced advantageously.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure,
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the appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:

1. An image processing apparatus comprising:

processing circuitry configured to

write image information of an input image to a
memory;

detect one of a plurality of blocks into which the input
image is divided, the one block being a block for
which writing of corresponding image information
to the memory is completed; and

perform a process of correcting a distortion occurring
in the input image, for each block in order in which
the blocks are detected by the processing circuitry,

wherein the input image is divided into separate hori-
zontal lines, and the plurality of blocks divide the
input image within each horizontal line, and

the processing circuitry writes the image information of
the input image sequentially to the memory on a
block by block basis of a horizontal line, and the
processing circuitry begins the process of correcting
the distortion in the input image for a first block
within the horizontal line before all of the blocks of
the horizontal line are written to the memory.

2. The image processing apparatus according to claim 1,
further comprising a metadata memory storing therein meta-
data indicating order of the blocks in which writing to the
memory is completed depending on the distortion occurring
in the input image, wherein

the processing circuitry detects if the writing of the image

information to the memory is completed in the order of
the blocks indicated by the metadata.

3. A communication system comprising:

a plurality of terminal devices, each of the terminal

devices including:

processing circuitry configured to

write image information of an input image to a
memory;

detect one of a plurality of blocks into which the input
image is divided, the one block being a block for
which writing of corresponding image information
to the memory is completed;

perform a process of correcting a distortion occurring
in the input image, for each block in order in which
the blocks are detected by the processing circuitry;
and

transmit the image information subjected to the process
of correcting over a certain network, wherein

the terminal devices exchange the image information over

the network,

wherein the input image is divided into separate horizon-

tal lines, and the plurality of blocks divide the input
image within each horizontal line, and

the processing circuitry writes the image information of

the input image sequentially to the memory on a block
by block basis of a horizontal line, and the processing
circuitry begins the process of correcting the distortion
in the input image for a first block within the horizontal
line before all of the blocks of the horizontal line are
written to the memory.

4. The communication system according to claim 3,
wherein each of the terminal devices further includes a
metadata memory storing therein metadata indicating order
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of the blocks in which writing to the memory is completed
depending on the distortion occurring in the input image,
and

the processing circuitry detects whether the writing of the

image information to the memory is completed in the
order of the blocks indicated by the metadata.

5. Anon-transitory computer-readable medium containing
an information processing program, the program causing an
image processing apparatus to perform a method compris-
ing:

writing image information of an input image to a memory;

detecting one of a plurality of blocks into which the input

image is divided, the one block being a block for which
writing of corresponding image information to the
memory is completed; and

performing a process of correcting a distortion occurring

in the input image, for each block in order in which the
blocks are detected,
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wherein the input image is divided into separate horizon-
tal lines, and the plurality of blocks divide the input
image within each horizontal line, and

the method includes writing the image information of the

input image sequentially to the memory on a block by
block basis of a horizontal line, and beginning the
process of correcting the distortion in the input image
for a first block within the horizontal line before all of
the blocks of the horizontal line are written to the
memory.

6. The computer program product according to claim 5,
wherein the method further including whether the writing of
the image information to the memory is completed in order
of the blocks indicated by metadata indicating order of the
blocks in which writing to the memory is completed depend-
ing on the distortion occurring in the input image.
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